Background: Dental status has been implicated in several systemic inflammatory diseases and is a potential focus for systemic infections. Therefore, most lungtransplant centers have recommendations regarding pre-transplant dental care and follow-up, but there are no official clinical guidelines. To date there is little information on oral health status in lung transplant (LTx) recipients. The aim of this study was to systematically assess oral health status in LTx recipients.
| I NTR ODU CTI ON
Regardless of the underlying disease, to be eligible for lung transplantation patients must have a 2-year survival probability of less than 50% with a markedly reduced quality of life due to respiratory failure after all other treatment options have been exhausted. 1 Diseases that may progress to the point where lung transplantation is an option include chronic obstructive pulmonary disease (COPD), interstitial lung diseases (ILD), cystic fibrosis (CF), alpha-1 antitrypsin (A1AT) deficiency, and other rare conditions. 2 Lung transplant (LTx) is an important therapeutic option for end-stage lung disease but long-term outcomes are unsatisfactory compared with other solid organ transplantations, with 5-and 10-year survival rates of 54% and 31%, respectively. One of the reasons for the worse outcome is the occurrence of infectious complications, which cause 37.4% of reported deaths in the first year post-LTx and about 22.3% of deaths after the third year. 3 Indefinite triple immunosuppression is the standard treatment for LTx recipients. The high doses of immunosuppression required by these patients compared with other solid organ transplant recipients increases the susceptibility to infections. 4 The oral cavity, containing more than 700 different strains of bacteria, 5 has been implicated in the development of several systemic diseases, including cardiovascular disease and pneumonia. 6, 7 In particular, the primary cause of periodontitis is microbial colonization of the oral cavity with complex, structured subgingival biofilms composed of different periodontal pathogenic bacteria, mainly gram-negative species. 8 Bacteria can spread via swallowing, aspiration or through bacteremia, which can occur as a result of injuries to the oral mucosa that might happen during tooth brushing and chewing. 9 The risk of bacteremia increases in the presence of bad oral hygiene and periodontitis, 10 and bacteremia is more severe and prolonged in patients with bad oral hygiene and periodontal disease compared with those with healthy periodontal status. 9, 11 Increased bacterial load in the oral cavity and periodontitis have been associated with a higher rate of pneumonias, 12 which is a common complication after lung transplantation. 13 Early dental screening and treatment before transplantation are a recommended infection prophylaxis measure and are widely implemented.
14 In patients undergoing renal, liver or heart transplantation, yearly pre-transplant dental examinations are recommended, [15] [16] [17] but medical practice guidelines are missing. Regular dental examinations are part of many transplant programs, but there are no specific recommendations for dental treatment before lung transplantation. Reducing plaque burden is one strategy to decrease bacteremia risk before dental treatment of post-transplant patients, and administration of prophylactic antibiotics is another. However, although there is a pathophysiological basis for recommending antibiotic prophylaxis, there are no evidence-based guidelines. The most widely accepted recommendation is to adhere to guidelines for the prevention of endocarditis. 11, 14 Studies in recipients of other solid organ transplants (liver, heart, renal) showed deficits in oral health and oral health behavior. Reasons for this were insufficient education, lack of accepted guidelines, low awareness of oral hygiene issues and a lack of knowledge about the possible consequences for overall health. 15, 18 There is only one published study on oral health in LTx patients prior to transplantation 19 and none after the transplantation procedure. The aim of this study was to assess oral health status, including periodontal disease, oral health behavior, and awareness of the need for good oral health after LTx. We hypothesized that the prevalence of periodontal disease in LTx recipients would differ from that in the German general population of the Fourth German Oral Health Study (DMS IV). 20 
| M A TERI AL A ND M ETH OD S
This single-center, cross-sectional study was approved by the ethics committee of the University Hospital Essen (13-5689-BO) and was registered at the German Clinical Trials Register (DRKS00005746).
| Patients
Patients aged 18 years were recruited during their routine outpatient visits to the lung transplant unit of the Ruhrlandklinik, Essen, Germany between February and October 2014. Patients had to have undergone lung transplantation at least six months previously and be free from infections at the time of their clinic visit. Patients with hepatitis, HIV, or mental illnesses were excluded, as were those unable to understand the informed consent documents, and pregnant women. Patients were informed verbally and in writing about the study and gave written informed consent to participate.
| Patient questionnaire
Study participants were asked to complete a questionnaire regarding their medical and dental history, prior education about oral health and oral health behavior. Questions asked related to: immunosuppression and medication, smoking status (smokers were defined as patients who smoked at the time of examination, former smoker were defined as patients who have ever smoked till time of examination), whether information about the associations between oral health and lung transplantation had been provided, and whether a dental check-up or comprehensive dental treatment had taken place before transplantation. Patients were supervised while they completed the questionnaire. Patients underwent a standardized dental examination one hour after a single injected dose of prophylactic antibiotics as described by Nusime et al. (amoxicillin 2 g or clindamycin 600 mg at the discretion of the treating physician). 21 The examination included inspection of the mucosa, dental status, and assessment of periodontal disease.
| Inspection of the oral mucosa
The first part of the dental examination consisted of visual inspection of the oral mucous membranes. In addition to clinical signs of a viral or fungal infection (e.g., mucositis or thrush), existing gingival overgrowth was recorded.
| Dental status (DMF-T)
The DMF-T was assessed visually using a mirror and probe, and determined based on the number of decayed, missing and filled teeth. All teeth with reasonable suspicion for defects of the dentine layer were categorized as D (decayed), all filled and crowned teeth were classified as F (filled) and missing teeth were assigned to the M (missing) category. Therefore, the DMF-T reflects the current and past caries burden of the patient. The degree of caries restoration was calculated as the ratio of filled teeth to the sum of carious and filled teeth. 
| Statistical analysis
Descriptive statistics are expressed as mean 6 standard deviation (SD) for normally distributed data and median with interquartile range (IQR) for non-normal distributed data. Student's t-test was used for the comparison of mean values and ANOVA with Bonferroni post-hoc tests was used for the comparison of multiple mean values. A P -value of >.05 was considered statistically significant. Fisher's exact test was used for categorical variables. Age, years 55.9 6 9.4 59. Values are mean 6 standard deviation, or number of patients (%). *P < .006 vs. ILD, P < .022 vs. CF and P < .011 vs. other diseases. A1-AT, alpha-1 antitrypsin; CF, cystic fibrosis; COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; MMF, mycophenolate mofetil; Tx, transplant.
| R ES ULTS

| Patient characteristics
Of the 83 patients asked to participate, 73 (36 male, mean age 55.9 6 9.4 years) were included in this study; mean time since transplantation was 5.8 6 3.4 years. Patient characteristics for the total cohort and in subgroups based on underlying lung disease are shown in Table 1 . The most common underlying disease was COPD, followed by ILD. Smoking history (pack-years) was significantly higher in patients with COPD compared with most other patient subgroups (Table 1) . Most patients were on triple immunosuppression.
| Oral health behavior
The majority of patients (86.3%) reported that they visited their dentist on a regular basis ( Table 2 ). All patients were seen by a dentist before transplantation, which resulted in almost three-quarters being treated for dental or oral pathology (Table 2 ). Very few reported having been treated for periodontal disease during their pre-transplant visits (Table  2 ). Education about oral health requirements and oral health behavior was provided to nearly three-quarters of patients, and the provider was most often the transplant center (Table  2) . Approximately 80% of patients were aware of the need for antibiotic prophylaxis (Table 2) . Almost all patients reported that they brushed their teeth at least once a day, but less than one-third said they used dental floss or interdental brushes (Table 2 ).
| Dental examination 3.3.1 | Inspection of the oral mucosa
Gingival overgrowth at more than one location was seen in one patient (1.5%), and three patients had gingival overgrowth at a single location. There were no clinical signs of fungal or viral infections.
| Dental status (DMF-T)
Seven patients (10%) were edentulous. Dental status results are reported in Table 3 ; the mean DMF-T was 21.9 6 5.4, with some variation between patients with different underlying diseases (Table 3 ). There were also some significant differences between patient subgroups with respect to the number of missing teeth (Table 3 ). Figure 1 showed the comparison of DMF-T for the LTx recipients in this study with the German general population (DMS IV); findings in LTx recipients (mean age 55.9 6 9.4 years) were similar to those in senior citizens (age 65-74 years). Table 4 presents the dental status of the current study in comparison to the German general population (DMS IV and V) ( Table 4 ).
| Periodontal disease
Almost all (97%) of the 66 dentulous LTx recipients had moderate to severe periodontal disease (Table 3 ). The prevalence of moderate periodontal disease in LTx recipients was higher than that in the adult and senior citizen age groups of the general population (64% vs. 53% and 48%, respectively) ( Figure 2) . LTx recipients had a significantly higher prevalence of moderate or severe periodontal disease than senior citizens in the German general population (DMS IV; P < .05) (Figure 2 ). Table 4 presents the prevalence of periodontitis of the current study in comparison to the German general population (DMS IV and V) ( Table 4 ).
| D ISCU SSI ON
The results of this single-center study showed that the oral health of LTx recipients was insufficient. There was a high rate of current and previous caries exposure, demonstrated by high DMF-T values, and a low degree of caries restoration. In addition, the prevalence of moderate and severe periodontal disease was significantly higher than in the German general population. Oral health behavior was also in need of improvement, because 14% of LTx recipients reported not seeing a dentist on a regular basis and 21% said that they were not aware of the recommendations for antibiotic prophylaxis during dental treatments. One-quarter of patients who had undergone lung transplantation reported that they did not feel sufficiently educated about oral health recommendations after LTx.
It is important to note that the findings of this study came from a transplant center that requires a dentist visit before transplantation and recommends antibiotic treatment before dental interventions. A previous study reported that 89% of German transplant centers reported that they require a dentist visit before transplantation and 83% recommended predental antibiotic therapy to transplanted patients. 21 Therefore, oral health status and oral health behavior in transplant recipients at centers not advising these measures might be even worse than reported in this current study.
Compared with a study of oral health behavior after other solid organ transplantation, 18 more LTx recipients reported feeling educated (74% vs. 30%) and there was also a higher rate of follow-up adherence (86.3% vs. 45%). With 26% of solid organ transplant recipients not knowing about the special considerations for LTx recipients, it is not surprising that a substantial percentage (39.7%) had not seen a dentist in the last 6 months, which is an interval generally considered adequate for high-risk patients. 24 Compared with a study conducted in Hungarian solid organ transplant recipients that reported a mean time of 22.4 months until the follow-up examination, 25 the LTx recipients in our study showed better adherence to the recommended follow-up intervals, with 82.2% having seen a dentist in the last 12 months. However, different health care systems and reimbursement plans could contribute to this finding. In the current study, it was also found that the proportion of LTx recipients who see a dentist on regular basis was slightly higher compared with the German general population, about three-quarters of whom see a dentist regularly. 20 Despite the high prevalence of periodontal disease, only a few periodontal treatments were carried out pre transplant according to the questionnaire data. There are different possible reasons for the low periodontal treatment rate pre transplant. One is the lack of standardized screening and a lot of the diseases might have been overlooked as a result. Another reason might be the lack of understanding of the interrelationship and importance of periodontitis and transplantation. In addition, oral treatment might be perceived as burdensome in patients with end-stage lung disease and shortness of breath. And as a consequence dentists might try to keep treatment times short and reduce the treatment to obvious dental foci. There is always the possibility of error in the patient questionnaires but a time consuming treatment would have been remembered by the patient. Therefore, no consultation and adjustment with the respective dentists was performed.
Awareness of the need for antibiotic prophylaxis was reported by only 79.5% of LTx recipients in this study. In addition, general oral health education was reported as | insufficient by 26% of patients; this would suggest that transplant center and treating physicians need to improve their patient education tools. All of the LTx recipients were seen by a dentist before transplantation and 74% were treated. In a retrospective study of 102 stem-cell, liver, and heart transplant patients, 80% of patients who did not complete dental treatment before transplantation had post-operative complications, such as infections and graft rejection, compared with 45.8% of patients with completed dental treatment.
26
DMF-T findings for LTx recipients in our study were similar to those for older senior citizens from the general German population in the DMS IV and higher compared with the DMS V. 27 The DMF-T was nearly identical but the F-T was slightly higher and M-T slightly lower. 20 When compared with a group of different solid organ transplant recipients with a mean age of 53.9 years 18 and with the patients after kidney transplantation in a study by Schmalz et al. with a mean age 45.7 years, 28 our LTx patients had higher DMF-T values which resulted mainly from the high M-T values. The prevalence of periodontal disease in the present study is comparable to that in a study of solid organ transplant recipients: 30.1% versus 40% for severe disease, 57.5% versus 50% for moderate disease and 2.7% versus 10% for mild or no disease. 18 Differences in values might be explained by the small number of subjects and the screening method employed in the solid organ transplant study. rate of moderate or severe periodontitis in post LTx patients of the present study. Also, it was found a higher prevalence of periodontitis in LTx recipients compared with an older group of the German general population (Figure 2 ), confirming our original hypothesis. One other study has reported the prevalence of periodontal disease in German LTx candidates in Germany as 57%, 19 confirming high levels of periodontal disease in this population. It is possible that the low percentage of reported pre-transplant periodontal treatment (2.7% in our study, 2.4% in the other study) contributed to high levels of post-transplant periodontal disease. These findings are particularly disappointing given that patients showed good adherence to pre-transplant dentist visits, but the focus of these visits seems to be on foci of possible dental infection. This is underlined by the low mean D-T values (i.e., the number of teeth affected by caries) and high numbers of missing (M-T) and filled (F-T) teeth in the patients. Data on the possible consequences of oral health deficits are scarce. There have been no patient-reported dental infectious foci in the follow-up after lung transplantation, 19 but there are no large-scale trials looking at infection rates in a larger cohort of recipients with standardized assessment of oral health. Progression of periodontitis depends on the immune response of the host and the existence of risk factors. 31 Lung transplant recipients need permanent high levels of immunosuppression and therefore have impaired defensive mechanisms against pathogenic bacteria. 32 However, localized infections might not be the only consequence because periodontal disease has been shown to be associated with systemic disease, such as atherosclerosis. Studies on atherosclerosis and periodontal disease have documented oral bacteria in the coronary plaque, 6 and elevated levels of pro-inflammatory cytokines. 33 This combination of danger signals might also influence the occurrence of rejection episodes in lung transplantation. 34 Therefore, these findings of oral health deficits in LTx recipients are of clinical importance despite a lack of outcome data. After lung transplantation, patients have received maximal medical treatment to enhance their life expectancy and quality of life. Given this very high investment it seems reasonable to make use of any prophylactic measure that might protect the benefits obtained from transplantation. Dental care is easily accessible in most countries and is a scientifically proven way to ensure dental health. Even considering the conflicting data on oral infections (dental and periodontal) in transplant recipients, oral health problems remain a potential negative influence on quality of life and should therefore be prevented.
To the best of our knowledge, this study is the first systematic and standardized examination of oral health, including dental and periodontal health, oral health behavior and oral health awareness in patients after LTx. Although this is the largest study of post-transplant oral health status in LTx recipients, its generalizability might be limited because it was conducted at a single center. This allowed standardized oral examination by a single investigator but there might be center-specific influences. Further prospective multicenter studies could add to knowledge in this area.
Furthermore, it must be considered that this single-center cross-sectional study only represents the actual state of dental and periodontal situation after lung transplantation. The condition before transplantation was only determined by a questionnaire. The patients were examined by their own dentists before transplantation. There was no standardized investigation pre transplant and therefore the pre transplant data of dental treatment could only be evaluated in a questionnaire. Certainly, the data on the patient's basis is faulty. No further check with the respective dentists was performed. Therefore, no assessment can be made of a possible change in the state of the oral health situation (dental and periodontal) from pre to post transplantation.
In conclusion, the results of this study show deficits in oral health and oral health behavior after lung transplantation. Inadequate oral health after transplantation might be the result of a lack of awareness of oral health by transplant recipients and/or insufficient treatment during the pre-transplant examinations. The first step to ensure better oral health is to establish a healthy oral situation before transplantation, which then needs to be preserved after transplantation. Early and ongoing education of patients on the relationship between oral health and transplantation is also needed. The best possible treatment can only be achieved through interdisciplinary collaboration between the transplant team and treating dentists. To facilitate this collaboration there is an unmet need for unified guidelines for the systematic and standardized treatment of patients before and after lung transplantation.
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